Abstract−Multiple Input Multiple Output (MIMO) techniques are used to exploit spatial diversity and to achieve high bit rates required for emerging multimedia applications. Cooperative communication can be used to achieve the diversity gains typical of MIMO without the need for multiple antennas on the consumer units. In this paper, we investigate the use of receiving node (destination) cooperation. We evaluate the performance of destination cooperation in an interference channel (DC-IC). We compare the performance of this system with the baseline 2-user orthogonal channel method. We demonstrate that the 2-user DC-IC outperforms the baseline technique by far. This is due to the cooperative communication. In the cooperative scheme, the receiver nodes in the first time slot, decode the received information from both sources while in the second time slot they cooperate. The scheme provides both diversity and coding gain. Using a typical scenario, we illustrate the efficiency of employing such technique with and without channel coding. However, the proposed technology can be applied to consumer mobile communication devices such as smart phones, tablets, etc… 
I. INTRODUCTION
In cooperative wireless communication, the relaying process is crucial for overcoming the path loss experienced due to the large distance between the source and destination. The broadcast nature of a wireless communication channel is exploited by receiving the same copy of the message over the destination nodes. The closest user node (other than the destination) that is able to decode the message correctly can help the destination.
To achieve similar spatial diversity gain to MIMO systems without having multiple collocated antennas at each node, one can achieve cooperative diversity through additional nodes relaying information between source and destination nodes.
There are two basic modes of operation for the cooperating node [4] : amplify and forward (AF) where the cooperating node just amplifies the signal and forwards it to the destination, and decode and forward (DF) where the cooperating node decodes the message then re-encodes, modulates and forwards it to the destination. Recently, other protocols like estimate and forward (EF) [8] and compress and forward (CF) [6] have been shown to improve system performance.
The earliest work on interference channel (IC) was initiated by Shannon [3] , and then continued further by Ahlswede [7] . However, the problem of determining the capacity of an IC has been an open problem for the past thirty years. In [1] , the authors are assuming that the channel is full duplex and transmission is occurring in the same band at the same time.
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Based on the eminent paper by Han and Kobayashi [5] , the authors in [1] extended their information theoretic work on the sum rates of the channels and the gain achieved from cooperation.
In this paper, we consider applying channel coding scheme at source and at cooperation destination nodes. We investigate several scenarios where the distances between nodes have practical estimates. We first begin with the generalized case where all nodes are normalized at equal distances, then applying different cases that reflects real life scenarios Our contribution in this paper is as follows. First, we derive the performance of the system. Then based on the numerical results, we demonstrate that the system with destination cooperation and Turbo code performs well and achieves both diversity and coding gains. The rest of this paper is organized as follows. Section II presents the system model and describes the operation of the system. Simulation results are presented in section III. Finally section IV, concludes the paper.
II. SYSTEM MODEL AND NOTATION
In this paper, we consider the similar model as the one presented in [1] , where two sources (ܺ ଵ , ܺ ଶ ) transmit independently to two destinations (ܻ ଵ , ܻ ଶ ). We assume that all links experience flat block Rayleigh fading. Each destination receives both information from ܺ ଵ and ܺ ଶ . The model is depicted in Fig.1 . At first, transmitters ܺ ଵ and ܺ ଶ transmit and receivers try to decode both ܺ ଵ and ܺ ଶ (the received data). Then, if a receiver has successfully decoded ܺ ଵ and ܺ ଶ , it cooperates with the other destination node by transmitting the information desired for it. For example, if ܻ ଵ can decode data from ܺ ଵ and ܺ ଶ , in the second phase it transmits ܺ ଶ ‫ݏ′‬ data. This mode achieves at most a diversity of order 2. Unlike [1] , we assume that all terminals operate under the half duplex constraint. They can transmit or receive at any given time using the same frequency band. The overall transmission period is divided into two phases the broadcast phase and the cooperation phase as shown in Fig. 2. 
Broadcast phase (Transmission Slot)
In this stage, The source nodes use an (n,k) code to transmit k bits of information with rate ܴ = to the destination nodes. We express the received signals at each destination as
Where ݊ ଵ and ݊ ଶ are independent identically distributed (i.i.d.), zero-mean, unit variance, complex Gaussian random variables. ℎ , ݅, ݆ ∈ ሼ1,2ሽ, ℎ ଷସ and ℎ ସଷ : are complex channel coefficients which are assumed to be constant over one data transmission block and also assumed to be known at all destination nodes. The source nodes have no knowledge of the instantaneous channel characteristics.
Cooperation phase (Cooperation Slot)
In this stage, the destination nodes assist each other by decoding, re-encoding and re-transmitting another copy of the message to the other destination. We express the received signal at ܻ ଶ from ܻ ଵ and vice versa as:
ഀ represents the path gains on the link (݅, ݆), where ߙ is the path loss exponent and ݀ represents the distances between node ݅ and node ݆. ܺ ଵ and ܺ ଶ represent the decoded messages at ܻ ଶ and ܻ ଵ respectively.
At each destination, there are 4 possible situations:
The only case in which cooperation is occurring is when both ܺ ଵ ܽ݊݀ ܺ ଶ are correctly received.
2-user orthogonal channel vs. DC-IC schemes
In this part, Time Division Multiple Access (TDMA) which is the baseline scheme divides the channel into two time slots (TS). Only one user transmits over the channel during any given TS. DC-IC allows all users to transmit at the same time. The major advantage of DC-IC over the baseline is the cooperative mode where both users are joining efforts to increase reliability and throughput. We will show that DC-IC has higher spectral efficiency than the baseline scheme. Fig.2 shows 2-user TS frames. It is obvious that for the 2-user orthogonal channel scheme ‫ݔ‬ ଵ and ‫ݔ‬ ଶ require 2 TS to be independently transmitted interference free. While for the DC-IC, we use the first TS to transmit both messages and the second TS to cooperate. 
III. SIMULATION RESULTS
In this section, we assume that ߙ = 2. The BPSK modulation is implemented with constellation points at -1 and 1. The channel code that is used at all nodes is Turbo code [2] . We present the simulation results for the general case which is the upper bound for the other scenarios. The general case is where all nodes are located at equal distances from each other and the more realistic scenario where nodes are located at different distances from each other. Note that the Total SNR is the SNR taking into account the power consumed at both sources and destinations.
Scenario1 -General case
In this scenario, all nodes are at equal distances to each other ݀ = 1. We present a comparable analysis between coded and uncoded for both 2-user orthogonal channel and 2-user DC-IC systems. Fig. 3 illustrates the Frame Error Rate (FER); it is shown that the system is achieving a diversity order of 2. From  Fig.3 , it can be seen that in the coded and cooperation case, the gain is more than 12dB at FER of 10 ିସ and even larger at lower FER's. Fig.3 also shows a change in FER curve indicating diversity gain. IV. CONCLUSIONS In this paper, we have studied the performance of a 2-user DC-IC. In phase one, both destinations decode the received superposed messages using the interference cancellation technique. In the second phase, the two destination nodes try to cooperate with each other. This system outperforms the 2-user orthogonal channel baseline system. It achieves a diversity order of 2 and a coding gain of more than 12dB at FER of 10 ିସ . The main advantage is the cooperation phase that sends out another copy of the message that is experiencing different fading coefficients and therefore can assist in correctly decoding the messages at the final destinations
